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Introduction to the Invention 

The present invention concerns high-fidelity detection of non-A, non-B hepatitis virus (hereinafter called 
NANB hepatitis virus) and oligonucleotide primers used In a detection system for detecting NANB hepatitis 
virus. 

Viral hepatitis of which ONA and RNA have been elucidated include hepatitis A, hepatitis B, hepatitis 0 
and hepatitis E. However, fn spite of great efforts by scientists the world over t the causative virus of NANB 
hepatitis (which Es mainly caused by blood bourne Infection) fells in none of the above groups and has not been 
isolated. 

In 1988, Chiron Corp. reported that it had succeeded In cloning the RNA virus genome of the causative 
agent of NANB hepatitis (which it termed hepatitis C virus (hereinafter called HCV)) and disclosed part of the ' 
nucleotide sequence of HCV. HCV antibody detection systems based on that sequence are now being intro- 
duced for screening of blood for transfusion and for diagnosis of patients. 

However, the nucleotide sequence disclosed by Chiron Corp. was only part of the NANB hepatitis viral 
genome. Moreover, it was part of a sequence of relatively little importance. HCV antibody detection systems 
developed on the basis of that sequence, therefore, fell to provide both sufficient sensitivity and specificity for 
NANB hepatitis virus and for therapy and prognosis of acute and chronic NANB hepatitis, although such sys- 
tems have proven their partial association with NANB hepatitis. 

More than 95% of posttransfusion hepatitis cases In Japan are NANB hepatitis. There are 280,000 annua] 
estimated cases of this disease. The course of NANB hepatitis Is troublesome, wfth most patients becoming 
earners who develop chronic hepatitis. In addition, those patients with chronic hepatitis develop liver cirrhosis 
and then hepatocellular carcinoma at a fairly high rate over 10 to 20 years. Therefore it is imperative to Isolate 
the virus Itself and to develop effective diagnostic reagents enabling earlier diagnosis. 

As described earlier, there are significant numbers of patients with acute or chronic NANB hepatitis which 
can not be diagnosed by the detection systems using Chiron's HCV antibody. For accurate diagnosis of these 
cases of hepatitis, detection systems for the virus based on elucidation of the viral agent at its gene level is 
required. 

Summary of the Invention 

An object of the present Invention is to provide a highly sensitive detection system for NANB hepatitis virus 
at Its gene level and oligonucleotide primers used for such system. 

Brief Description of the Drawing 

Figure 1 shows determination method of nucleotide sequences of NANB hepatitis viral RNA 

Detailed Description of the invention 

For the purpose of elucidation of the NANB hepatitis viral gene, the Inventors isolated NANB hepatitis viral 
RNA from human and chimpanzee carrier sera and determined the nucleotide sequence of the 5* terminus by 
cloning its cDMA. As a result, the inventors identified that for two different strains the RNA genome had a 5' 
nonooding region having a sequence of at least 324 nucleotides. This sequence had not been disclosed by 
Chiron and is totally novel. It was also determined that the nucleotide sequence in this region was highly con- 
served among different strains. For example, the RNA of strains HC-J1 and HC-J4 (used for the determination 
of the nucleotide sequence) differed from each other by only three nucleotides. 

On the other hand, large differences (or mutations) In nucleotides were Identified In other regions of NANB 
hepatitis viral RNA. When this fact is taken into consideration. It Is amazing that the nucleotide sequence is 
conserved so weQ In the 5' noncoding region. It was further determined that there were few differences in the 
nucleotide sequence in the upstream part of the structural gene following the noncoding regbn. Based on these 
findings, the Inventors discovered that use of oligonucleotide primers derived from these regions would detect, 
with high sensitivity, NANB hepatitis RNA irrespective of the strain. 

The present invention, therefore, concerns a NANB hepatitis virus detection system using oligonucleotide 
primers having nucleotide sequences corresponding to part of the 5' noncoding region of the viral RNA and/or 
part of the 5' side of the region coding far the structural protein of the virus. 

The primers may contain from about 1 5 to about 25 nucleotides, preferably 20. 

Abbreviations used In this invention are as follows: for RNA, A, G, C and U stand for adenine, guanine, 
cytoslne end uracil respectively; for DNA, A, G, and C indicate the same bases as in RNA and T stands for 
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thymine; for polypeptides A, R. N, D, C, E, Q, G. H, I, L, K, M, F, P, S, T, W, Y and V are respectively the amino 
acids of alanine, arginlne. asparagtne, aspartic add, cysteine, glutamic acid, glutamine, glycine, hfsfidine, teo- 
leudne, leucine, lysine, methionine, phenylalanine, proline, serine, threonine, tryptophan, tyrosine and valine. 
The inventors have identified that the <? noncoding region has the following nudeotide sequence (HC-J1 
5 strain): 





c c c c 


A C A 


C T C 


CACCATAC AT 


10 


CACT 


C C C 


CTC 


TCACC AACTA 


CT C T 


CTT 


C A C 


CC AC A AAC CC 




T C T A 


C C C 


ATC 


CCCTTACTAT 




CACT 


C T C 


CTC 


CACCCTCCAC100 


18 


C A C C 


C C C 


CCT 


CCCCCCACAC 




C C AT 


ACT 


C C T 


CTCX c c a a C C 




C-CTC 


ACT 


A C A 


CCCCAATTCC 


20 


CACC 


A C C 


A C C 


CCCTCCTTTC 




TT C C 


ATA 


A A C 


CCCCTCAATC 200 




C C T C 


C A C 


ATT 


TCCCCCCCCC 


25 


C C C C 


C A A 


G A C 


TCCTACCCGA 




CT AC 


T C T 


T C C 


CTCCCCAAAG 




C C C T 


T C T 


CCT 


ACTCCCTCAT 


SO 


A C C C 


T C C 


TTC 


CCACTCCCC C300 




C C C A 


OCT 


CTC 


CTACAC CCTC 




CACC 
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The inventors have further determined that the remaining sequence of the 5' noncoding region of the HC-J4 
strain is Identical to that of KC-J1 (except for the 187th nudeotide A which Is replaced by C. the 217th nudeotide 
C which is replaced by T, and the 226th nucleotide A which Is replaced by G). The inventors subsequently 
developed the highly sensitive detection system for NANB hepatitis virus using ollgonudeotide primers corre- 
40 sponding to part of the & noncoding region of NANB hepatitis virus. Therefore, any ollgonudeotide primer 
belonging to this defined region of HCV genome may be included in this invention, though replacement of one 
or more nudeotides Is also IndudecL 

The inventors have also identified that the upstream region coding for the structural protein of the virus 
following the aforementioned 5' noncoding region was well conserved among the strains. There ware only a 
45 few differences between the strains. Nudeotide sequences corresponding to part of that region, used as prim- 
ers, can detect NANB hepatitis virus with high sensitivity. 

The upstream region of the structural gene of the NANB hepatitis virus has the following nudeotide sequ- 
ence (for the HC-J1 strain): 
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ATC AC C 
A A C C T C A A A C 
CCTAACACC A 
AC ACCACCTC 
CTCCCCGTCA 



C C ACTTT 
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C T 


C A C C C C C 


c 


C T 


T C C C C C C 


G 


A C 


T C C C A C C 


G 


G T 


A C C T A C A 


c 


G T 


C C A A G C T 


G 


C G 


C C C A C C A 


C 


C T 


CCCCTAC 


c 


C T 


A T C C C A A 


T 


G A 


T C C C C G C 


G 


A T 


T C C C C C T 


G 


G C 


G T T C C C C 


C 


C C 


C G G C C T A 


G 


G T 


G G G T A A G 


G 


T C 


TCAC GTG 


C 


C G 


CTCATCC 


G 


G T 


C C T C C G C 


G 


C C 


G C C C TC C 


C 


A G 



CATGCCGTCC 
ACACCGCCTG 
CACCCAACCT 
TCTTTCTCTA 



ACGATTCC CA 

AAAAACCAAA 

ACCGTCGCCC 

AA G TT C C C G G400 

CATCGTTGGT 

TCTTG CCG C G 

AG ATTGGG TG 

GAGGAAGACT 

C G C A A C C T C G SOO ... 

CAGCCTATCC 

TCGGCCCGAG 

GGGCTCAGCC 

TGGCCCCTCT 

GGGCTGCGG G600 

GGCTCCTGTC 

TCTCCGCCTA 

CACCCACCCC 
CGCCCAATTT 
ATCGATACC C70Q 
CTTCGCCGAC 
AC.ATACCGCT 
CCTCTTGGAG 
GC C CCTGG CC 
GGGTTCTCG A800 
A A C TATG C A A 
TCCTGGTTGC 
TCTTC CTTCT 



Exceptfor the following differences, the upstream region of strain HC-J4 has the same nucleotide sequence 
HC-J1 (numbers in parenthesis show respective differences In the sequence mam the 5* noncoding region): 
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(335) . 
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(339), 
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(375) , 


C 


(402), 


T 


(405) , 


C 


(430), 


C 


(450), 


c 


(453), 
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(471) . 
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(501), 
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(504) , 
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(505), 
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(507) , 
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(510), 
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(513), 
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(527), 
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(528) . 
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(531), 
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(534) , 
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(547), 
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(596) , 


0 


(597), 
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(606) , 


A 


(621). 


C 


(627) , 
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(633) , 
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(675) , 
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(678) , 
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(701) , 


A. 


(705), 
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(720) , 


T 


(732) , 


T 


(734) , 


c 


(753), 


A 


(756) , 


G 


(759) , 


T 


(775) , 


A 


(780), 


C 


(783) , 


T 


(786), 


G 


(801) , 


T 


(829), 


6 


(831) , 


C 


(834), 


C 


(858) , 


T 


(859) . 











As for as oligonucleotide corresponding to part of the upstream region of the structural gene of the virus 
15 Is concerned, also Included are nucleotide sequences with a small number of nucleotides different from strains 
HC-J1 and HOJ4. 

This Invention includes detection of NANB hepatitis virus by amplification of cDNA of the viral RNA by 

Polymerase Chain Reaction (hereinafter called PCR) using oligonucleotide primers disclosed herein. PCR Is 

a method well known in this art 
20 Under optimum conditions, using the product of the first amplification of cDNA by PCR as a template, a 

second amplification by PCR Is carried out In the second PCR amplification, a pair of primers that can be 

annealed Inside the fast pah* of primers is used. 

The present invention Includes oligonucleotide primers used In the above described detection system. This 

Invention also includes creation of oligonucleotide primers having nucleotide sequences corresponding to part 
23 of the 5' noncodlng region of NANB hepatitis viral RNA genome (having at least 324 nucleotides), and creation 

of oligonucleotide primers having nucleotide sequences specific to part of the 5' region coding for the structural 

protein of the virus. 

The following primers are parb'culariy preferable (numbers in parenthesis stow positions in sequence from 
the 5' noncoding region): 

30 

#23: TAGATTGGGTGTGCGCGCGA (450-469 Of 
strain KC-J1) , 

#25: TCC CTGTTGCATAGTTCACG (807-826) , 
35 #32: A C T C C A C C A T A G A T C A C T C C ( 7-26), 

#33: TTCACGCAGAAAGCGTCTAG ( 46- 65), 
#36: AACACTACTCGGCTAGCAGT (229-248) , and 
#48: GTTGATCCAAGAAAGGACCC (171-190) . 

40 When the above primers are In use In PCR, combined use (e.g. 9 of #23 and #25, #32 and #36, or #33 and 
#48) can enhance the effect of PCR. 

This Invention also covers NANB hepatitis virus detection systems (e.g., PCR) using the above oligonuc- 
leotide primers. 

Examples of application of this Invention are shown below. However, this Invention shall in no way be limited 
45 to those examples. 

Examples 

Example 1 - Determination of the nucleotide sequence of the 5' terminus of NANB hepatitis virus: 

so 

(1) Isolation of RNA 

RNA was Isolated by the method described below from a plasma sample (HC-J1) of a Japanese blood 
donor who tested positive for HCV antibody and a sample (HC-J4) from a chimpanzee challenged with NANB 
& hepatitis for infectlv&y but which tested negative for HCV antibody by Ortho HCV Ab EUSA Test (Ortho Diag- 
nostic Systems, Tokyo, Japan). 

1 .8 ml of each of the plasma samples was added wfth 1 ml of Tris chloride buffer (1 OmM, pH 8.0) and cen- 
trifuged at 68 x 1 0 s rpm for 1 hour. The preclpftate was suspended in Tris chloride buffer (50 mM, pH 8.0) con- 
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taining 200 mM NeCt 10 mM EDTA, 2% (w/v) sodium dodecyt sulfate (SD8) and proteinase K (1 mg/ml). incu- 
bated at 60°C for 1 hour, then extracted by phenol/chloroform and precipitated by ethanol to obtain RNAs. 

(2) cDNA synthesis 

RNA isolated from HC-J1 plssma was Incubated at 70°C for 1 minute and used a template. 10 units of 
reverse transcriptase (cONA Synthesis Pius, Amersham Japan) and 20 pmol oligonucleotide primer (20 mer) 
were added and incubated at 42°C for 1 .5 hours to obtain cDNA. Primer #8(5'-GATGCTTGCGGAA 
GCAATCA-30 was prepared by referring to the base sequence shown In figure 47*1 (sequence position 
401 to 420) of the European Patent Application No. 88310922.5 (the entire application (now European Patent 
No. 0.318,216) is Incorporated by reference). 

(3) cDNA was amplified by the following Polymerase Chain Reaction (PCR). 

cDNA was amplified for 35 cycles according to SaBd's method (Science 239. 487-491 (1988)), Incorporated 
by reference in Its entirety, using Gene Amp DNA Amplifier Reagent (Peridn-Elmer Cetus) on a DNA Thermal 
Cycler (Ferkin-Elmer Cetus). 

(4) Determination of nucleotide sequence by assembling cONA clones. 

As shown In Figure 1 , the nucleotide sequence of the 5' termini of the genomes of strains HC-J1 and HC-J4 
were determined by combined analysis of donee obtained from the cONA library constructed in bacteriophage 
lambda gtl 0 and clones obtained by amplification of HCV specific cDNA by PCR. Figure 1 shows the 5' terminal 
sequence of NANB hepatitis vims genome together with cleavage sites of restriction endonucleases and sequ- 
ences of primers used, in Figure 1, solid lines are nucleotide sequences determined by clones from bac- 
teriophage lambda gtIO library while dotted lines show sequences determined by clones obtained by PCR. 

The 1858 nucleotide sequence of HC-J1 , spanning nt437-2092, was determined by the done 041 obtained 
by Inserting the cDNA synthesized with the primer #8 into bacteriophage lambda gtIO (Amersham). 

Primer #25 (y-TCCCTGTTGCATAGTTC AC G-3')ofnt 807- 826 was synthesized based 
on that 041 sequence, and 4 clones (060, 06 1, 066 and 075) were obtained to cover the upstream sequence 
ntl-826. 

The upstream sequence of strain HC-J1 was determined by clones obtained by PCR using primers #44 

(5'-GGC GACACTCCACCATAGAT-3')and#25 (5 # -TCCCTGTTGCATAGTTCACG 

-3'). 

The downstream sequence of 1163 nucleotides, from nt721 up to 1883. of strain HOJ4 was determined 
by3ctones(C2821 t C3173 and C31 92) by PCR using primers #30 (5'-CTCATGGGGTAC ATTCC 
GCT-3')and#42(6'-TCGGTCGTCCCCACCACAAC-30. 

From the analysis described above, nucleotide sequences of the 5' termini of the genomes of strains HC-J1 
and HC-J4 were determined as shown below. 

The nucleotide sequence of the genome of strain HC-J1 Is shown in line (a) and that of strain HGsJ4 En line 
(b), the latter showing only differing nucleotides vis a vis (a). Noncoding region nfl -324 Is shown In small letters. 
nt325 - 1883 is a region coding forvarious protein starting with initiation codon ATG and is shown In capital 
letters (the nucleotide sequence In the aforementioned European Patent Application stated only with the 
1873th nucleotide, and missed the upstream sequence which is originally revealed In this Invention): 
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toggcgacaclc caccatagat 
w 

c'acLcccctg tgaggaacla 
ctgtctlcac gcagaaagcg 

_ t 

Lctagccalg fig c g t t a g t a t v 

r 

g ^g Cglcgtg cagcct c c a g LOO 

gaccccccct c jc^c^TTa g Tjfe^ ^ ^ 

c _a l a g t g * [g l ^] Lgcggaacc 

gglgaglaca ccggaattgc 

caggacgacc ggglccttlc 

LLggalaaac ccgclcaalg 200 
_ _ c . — . — 

cctggagalt tgggcgcgcc 
I - 



40 



45 



SO 
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e c c $ c a. a g a c iffclagccga 
fftarlfttss gtcgcgaaag 
6 c c I t g t g g t a c t g c c l g a t 

— 

6 g K a g g t c t c g t a g a t c g t g 

cj_ _c_^ ATCACC ACCATTCCCA 

A T- 

AACCTCAAAC AAAAACCAAA 

CCTAACACCA ACCCf CCCCC 

C 

ACACCACCTC AACTTCCCCC 400 

CTCCCCCTCA CATCCTTCCT 
- C - - T 

CCACTTTACT TCTTCCCCCC 

CACCCCCCCT ACATTCCCTC 

TCCCCCCCAC CACCAACACT 

TCCCACCCCT CCCAACCTCC 500 

ACCTACACCT CACCCTATCC 
T--AT-C--A --A 
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CCAACCTCCC TCCCCCCCAC 

CCCACCACCT CCCCTCACCC 

C 

CCCCTACCCT TCCCCCCTCT 

ATCCCAATCA CCCCTCCCGC 600 
, TC 

TGCCCCCCAT CCCTCCTCTC 

A 

TCCCCCTCCC TCTCCCCCTA 

A C - - C 

CTTCCCCCCC CACCCACCCC 

CCCCCTACCT CCCCCAATTT. 

T--C 

CCCTAACCTC ATCCATAC CC 700 

TCACCTCCCC CTTCCCCCAC 

— T A r T 

CTCATCCCCT ACATACCCGT 

T - - T 

CGTCGGCGCC CCTCTTGGAG 

--C--A--G- 

GCGCTGCCAG GGCCCTGGCG 

T A 

CATCGCGTCC GGGTTCTCGA 800 

ACACCCCCTC AACTATGCAA 
C 
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CACCCAACCT TCCTCCTTCC 

TCTTTCTCTA TCTTCCTTCT 

C T- 

CCCCCTCCTC TCTTCCCTCA 

TT C C TT 

CTCTCCCCCC TTCACCCTAC 900 

— C A — C A-- C T T 

CAACTCCCCA ACTCCACACC 

C CTGT-C-- 

CCTTTATCAT CTCACCAATC 

-A-A--C G--C- 

ATTCCCCTAA CTCCACTATT 

-C T-C-- A C 

CTCTACCACC CCCAtCATCC 

T -ACCC CAT 

CATCCTCCAT ACTCCGCCGTI 000 
C a c 

CTCTCCCTTC CCTTCCCCAC 
-C--C--C-- c 

CCCAACCTCT CCACCTCTTC 

-A AC-- -CC-T--C-- 

CCTCCCCATC ACCCCCACCC 

A C - C T C 

TACCCACCAC CCACCCCAAA 

-C--CC -A-T-C--CC 

CTCCCCCCCA CCCACCTTCCU00 

C A-T- ACAA — A 

ACCTCACATC catctccttc 

C C T C - 
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TCCCCACCCC C.ACCCTCTCT 

- T G C G TC-TT C 

TCCCCCCTCT ACGTCGCCGA 

C TA-C- 

TCTCTCCCCC TCCCTCTTCC 

C A T T 

TTATTCCTCA ACTCTTTACC 1200 

-CC-'CTCC-- C C 

TTCTCTCCCA CCCCCCACTC 

C T C -C--C--TCA 

CACAACCCAA CCCTCCAATT 

CT C -A C - 

CTTCTATCTA- CCCCCCCCAT 

-C--A T _ 

ATAACCCCTC ATCCCATCCC 

T T — A -C 

ATCCCATATC ATCATCAAC T 1300 

T 

CCTCCCCTAC CCCCCCCTTC 

A AA-A--CC-A 

CTAATCCCTC ACCTGCTCCG 

--CC--T-C- --T 

CATCCCACAA CCCATCTTCC 

- T C - - C 

ATATCATCCC TGCTCCTCAC 

-C G-G-- G C C 

TGGGGAGTCC TGCCCGGCA T 1400 

C- 

ACCGTATTTC TCCATGCTCC 

T C C — A T A - 
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CCAACTCCCC 



CTACTC CTCT 

A -T CC-C 

CCCCCTCCAC 
,_ T 

TCCTCTCCCC 

A-ACC C 

GCCCCCCCCA 

AC A — A 

TCTTACTCTC 

C-CCTCC 

CCCCTAACCA 

- C CTCT 

CTGATCAACA 

TC-.C--T- 

TTCC CACATC 
C 

CCTTCAACTC 

- - C - A 

CTTAACACCC 

C C T- 

ACCCCTTATC 
C - C C T - - 

AATTCAACTC 
CC 

C C CCACACCT 

- - C C-CA 

CCCACCCCTT 
C - C - A - - 



C AACCTC CTC 

T 

TCCTCTTTCC 
-A--C--C-- 
CCCCAAACCA 

- C C T 

CCCACAACCC 1500 

CCCC 

TCTCTCCACT 

CC CACC 

TTCACACCAC 
T T - 

CAACATCCAC 

C A r 

CCAACCCCAC 

AATACCAC C CISOO 

C--C--T- 

C AATC A A ACC 

■ CTC- 

CCTCCTTACC 

-C-TCC-T 

TATCAACAC A 
C A C 

TTCCCCCTCT 
G--C--C--C 
TCCCCACCTC 1700 



ACCCATTTTC 
CA-TCC C- 
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ACCACCCCTC CCCCCCTATC 

c A -- C 

ACTCATCCCA ACCCAACCCC 

— CCT A — TC -GCCTGA-A- 

CCCCCACCAA CCCCCCTATT 
C --T- -C A - G T 



CTTCCCACTA CCCCCCAAAA 1800 

_ C -C-G--TCC- 

« CCTTCCCCTA TCCTCCCCCC 



AAACACCCTA TCTCC_CCCCC 

ao CTC-CAC C T--A- 

TATATTCCTT CACTCCCACC 

- C C - - A 

26 C C C 1863 

- - T 



For the gene region (nt325 - 1883) of strains HC-J1 and HC-J4, the sequences of 513 amino adds encoded 
30 were determined and homology, amino acids components and hydrophilldty of the amino adds between the 
two strains were studied. As a result, region nt325-B64 was considered to be coding for the NANB hepatitis 
virus core proteins. Mutations or differences En the nucleotide sequence In this region were relatively smaller 
than in other coding regions and approximately 80% of the nucleotide mutations or differences Identified were 
not accompanied by a change in amino add sequence. Together with the nudeotlde sequence of the 5' non- 
35 coding region already described above, the sequences of the structural gene region were also helpful In choos- 
ing appropriate nudeotide sequences of ollgonudeotlde primers used for the detection system tn this invention. 
The envelope proteins is considered to be encoded by nucleotides 865-1476 and nonstructural proteins 
encoded by nudeotldes 1477 and above. 

The inventors have also identified that among digonudeotide primers for the core region, the primer #25 
40 (ntfl07 - 826), which has the (east mutations or differences, is the bestfor the detection system of this Invention. 

Example 2 - Synthesis or primers and the establishment of the detection system based on the 5' noncoding 
region and the cm protein coding region. 



45 (1 ) Synthesis of digonudeotide primers. 



Oligonucleotide primers (20 mer) were synthesized based on the 5' noncoding region sequences and the 
core protein coding region of strains HC-J1 and HC-J4 determined in Example 1. Ollgonudeotlde primer of HCV 
was also synthesized according to the nudeotide sequence disdosed In the European Patent Application No. 
so 88310922.5 previously described. The model 3808 DNA Synthesizer (Applied Blosystems Japan) was used 
for such synthesis. 

The number of primers synthesized were 20 (#3, 4, 5, 6, 9, 10, 11, 12, 16, 17, 21, 22, 23, 25, 32, 33, 34, 
35, 36 and 48), and the position from the 5' terminus and nudeotide sequence for each of them is shown in 
Table 1. 

65 

(2) isolation of NANB hepatitis viral RNA from a sample. 



1 ml of a plasma sample was centrifuged on a model TL-100 (Beckman) ultracentrifuge at 9 x 10* rpm for 
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15 minutes and the precipitate thus obtained was suspended in buffer (containing 200 mM NaCI, 1 0 mM EDTA, 
2% (w/v) sodium dodecyl sulfate (SD8) and proteinase K (1 mg/ml)) for incubation at 60°C for 1 hour. 

Nucleic acids were extracted twice by using the same volume of phenol/chloroform and precipitated in 
ethanol at -20°C for over 3 hours. The precipitate was suspended in 70% ethanol for cantrffugation and the 
precipitate was dissolved in 5 pi of distilled water after lyophUkatton. 

(3) cONA synthesis. 

RNA extracted from a plasma sample in (2) above was denatured by heating at 70°C for 1 minute and 
cooled on Ice before synthesis of cDNA. cDNA was synthesized by reverse transcription. 100 pmol each of 
antisense primers #5. 6, 11, 12, 16, 17, 25, 35, 36 and 48 were added with 4 kinds of deoxyribonucfeoskle 
5'-triphosphates(Takara, Japan), 10 units of RNase Inhibitor (Takara^ Japan) and 10 units of Reverse transcrip- 
tase AMV (Baehringer Mannheim, Germany), and Incubated at 42°C for 90 minutes In a buffer (containing 10 
pi of Tris chloride (50 mM, pH 8.4), 8 mM MgCI* 30 mM KCI and 1 mM dlthbthreftol) to synthesize cDNA. cDNA 
15 thus obtained was purified by phenol/chloroform extraction. 

(4) Amplification by PCR. 

PCR was carried out using DMA Thermal Cycler (Perkin-Eimer Cetus) and DNA Amplification Reagent Kit 
20 (Perkin-Eimer Cetus) by the well-known method of Saiki et a). (1983). The reaction cyde of denaturalization 
(one minute at 94°C), annealing of primers (1.5 minutes at 65°C), and amplification of primers (3 minutes at 
72°C) was repeated 35 times. 

The PCR product was electrophoresed in a mixed agarose geJ of 1-1.5% Nusieve and 1-1.5% Seakem 
(FMC), and, after stalnfng with ethfdium bromide, its bands were confirmed by ultraviolet radiation. 

25 

(5) Amplification by second-stage PCR. 

The product obtained by the first pair of primers (#32 and #36, for example) by PCR can be subjected to 
second-stage PCR if necessary. As primers for such PCR, a pair of primers of nucleotides for regions within 
those of the first pair of primers (#33 and #48, for example) were chosen and PCR reaction cyde was repeated 
30 times for 5 pi of the product obtained in the first-stage PCR. Reaction conditions for each cycle was 
denaturalization (1 minute at 04 o C), annealing (1.5 minutes at 55 tt C), and amplification (2 minutes at 72°C). 
The product obtained in the second-stage PCR was electrophoresed and analyzed in the method described in 
(4) above. 

Example 3 - Selection of pairs of primers effective for detection of NANB hepatitis virus by PCR 

Results of PCR test with two pairs of primers for 1 0 samples determined positive for HCV antibody (plasma 
samples nos. 1, 3, 5, 7 and 9 from Japanese blood donors and serum samples nos. 2,4,6,8 and 10 from NANB 
40 hepatitis patients) are shown In Table 2. 

PCR amplification was tried for 10 target nucleotide sequence regions; 2 regions each from NS5, NS3, and 
E-NS1 and its upstream (NS=nonstnictural region, E-NS1=nudeotkie region bridging the envelope region and 
nonstructural region number 1) referred to In Chiron's European Application), 2 regions each from the core reg- 
ion and 5* noncodfng region identified under this invention. 
4$ As a result, when two pairs of primers from the 5' rtoncoding region (#32/#36 and #33/#48) and one pa* 
of primers from the core region (#23/#25) were used, expected sizes of NANB cDNA bands (242 bp. 145 
and 377 bp) for respective regions were detected. 

In the other 7 regions, however, only 2 to 9 out of 10 samples cold successfuBy be amplified, either 
presence of RNA itself was confirmed In each sample. It was therefore concluded that pairs of primerr 
so and #33/#48 from the 5* noncoding region, and #23/#25 from the core region, were widely effective fr 
of HCV RNA. Thus, selection of primers from NS5, NS3 and E-NS1 regions coding for the nonstrv 
of the virus are quite Insignificant 

In soms cases, single-stage PCR is sufficient for detection of NANB hepatitis viral RNA. 
ance sensitivity, two-stage PCR is recommended. 
fi5 For example, samples which did not show the expected band of 242 bp when their c' 
"sing #38 primer and amplified by PCR with primers #36 and #32 (first-stage PCR) w? 
second-stage PCR using primers #33 and #48 and the first-stage PCR product as a w 
PCR). (f the 145 bp band does not occur after second-stage PCR then the sample did not . 
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Example 4 

32 samples from chronic NANB hepatitis patients, 10 samples from chronic hepatitis B patients, and 12 
samples from blood donors with normal ALT levels were tested for NANB hepatitis virus RNA by PCR. Results 
are shown In Table 3. 

Preliminary test of 32 samples from NANB hepatitis patients showed 20 samples positive and 12 samples 
negative for enti-HCV. All 10 samples from hepatitis B patients and 12 samples from blood donors with normal 
ALT levels were negative for anti-HCV. 

For the 20 samples out of the 32 total samples from NANB hepatitis patients which tested positive for anti- 
HCV, RNA was detected In 1 5 samples by the first-stage PCR and the remaining 5 by the second-stage PCR. 
Thus 100% of the samples (which tested positive for anti-HCV) tested positive by PCR. 

Out of the 1 2 samples from NANB hepatitis patients which tested negative for anti-HCV, 7 samples by the 
first-stage PCR and 4 samples by the second-stage PCR (or 62%) turned out to be positive for NANB hepatitis 
viral RNA AD 10 hepatitis B cases and all 12 blood donor esses with normal ALT levels subjected to the test 
(so far as the second-stage PCR) were negative for the viral RNa. From these data, NANB hepatitis RNA detec- 
tion system using oligonucleotide as primers has proven its excellent performance, and its two-stage PCR sys- 
tem In particular has proven Its superb performance both In sensfflvfty (more than 50% higher than anti-HCV 
and detecting as much as 96.9% of NANB hepatitis viral RNA) and specificity. 

(5) Sensitivity of the detection system for NANB hepatitis virus by cDNAAtwo-stage PCR. 

Sensitivity of NANB hepatitis vims detection system by cDNA/two*stage PCR under this Invention is des- 
cribed below. Results are shown In Table 4. 

1 0-fold serially diluted samples of plasma (having known Infectious unit of 10 7 CID/ml) were prepared and 
tested 3 times. In the first-stage PCR, the expected band of 242 bp was confirmed for 100 CID/ml In two tests 
and as low as 10 CID/m) in the remaining one test 

In the second-stage PCR, the expected band of 145 bp was confirmed for 10 CID/ml In two tests and as 
low as 1 CID/ml In one test No band was detected for concentrations less than 1 CID/ml or for negative samples. 

Average titer of NANB hepatitis patients Is estimated to be 1 0 2 ^ and the described detection system is con- 
sidered to give clinically significant sensitivity for diagnosis of NANB hepatitis patients. 

The present invention thus provides a highly sensitive and specific detection system for NANB hepatitis 
virus. Accordingly, this invention will become instrumental In accurate diagnosis of hepatitis patients and 
screening of donor blood for prevention of posttransfusion hepatitis. 

The present invention also concerns a nucleotide sequence of NANB which contains at least a portion of 
the bases 1-1863 described above. The sequence is constituted of a plurality of nucleotides and contains at 
least one primer ae shown in table 1 . In addition, the sequence Is terminated at least at one end with e primer 
as shown in table 1. . 

The present Invention further concerns a method of detecting non-A, non-B hepatitis virus comprising: 

(1) synthesizing cDNA from viral RNA; 

(2) amplifying said cDNA by PCR in first stage to produce a product; 

(3) amplifying the product by PCR in a second stage. 

The amplifying ia carried out by using at least one oligonucleotide primer according to claim 8. The primer in 
step (1) may be a pair of primers and the primer in step (2) may be a pair of primers from a region within the 
pair of primere in step (1 ). The pair of primers in step (1) may be primers #32 and #48 in table I and the pair of 
primers in step (2) may be primere #33 and #48 In table 1. The pairs of primers #32/#36, #33/48, and #23/#25 
En table 1. 

The present invention also concerns diagnostic test kits for detection NANB In biological samples, including 
for example blood and serum samples. The test kft includes (1 ) at least one primer derived from the nucleotide 
sequence disclosed above, (2) dATP, dTTP, dGTP, end dCTP; and (3) heat stable DNA polymerase. Kits suit- 
sblefor diagnosis and NANB and containing the appropriate reagents are constructed by packaging the approp- 
riate materials, including the primer in suitable containers, along with the remaining reagents and materials 
required, as well as a su ftable set of instructions for conducting the test 

Further variations and modifications of the invention wiU become apparent to those skilled in the art from 
the foregoing and are intended to be encompassed by the claims appended hereto. 

Japanese Patent Application No. Heisei 2 Nen 153402, filed on June 12, 1990, is relied on and incorporated 
by reference. 
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Primers. 


Nucleotide 
Position 


nucleotide Sequences 


#3 
#4 
#5 
#6 
#9 


126-145 
153-172 
268- 287 
303-322 
6427-6446 


AAAC CTTGCGGTATTGTGCC 
AGTGTGTGTGGTCCGGTATA 
CGGTGGCCTGGTATTG.TTAA 
GAGTTCATCCAGGTACAACC 
AGATGGCTTTGTACGACGTG 


#10 
#11 
#12 
#16 
#17 


6490-6509 
6761-6780 
6786-6805 
4029-4048 
4061-4080 


TCCAATACTCACCAGGACAG 
CACAGCTAGTTGTCAGTACG 
TTGATGTAGCAAGTG-AGGGT 
CTGGTGACAGCAGCTGTAAA 
TGAAGACGAGGGTTTGGCTA 


#21 
#22 
#23 
#25 
#32 


3669-3688 
3759-3778 
450-469 
807-826 
7-26 


TATTGCCTGTCAACAGGCTG 
CGAGAGTTCGATGAGATGGA 
TAGATTGGGTGTGCGCGCGA 
TCCCTGTTGCATAGTTCACG 
ACTC CACCATAGATCACTC C 


#33 
#34 
#35 
#36 
#48 


46-65 
475-494 
568-587 
229-248 
171-190 


TTCACGCAGAAAGCGTCTAG 
AAGACTTCCGAGCGGTCGCA 
TTGC CATAGAGGGGC CAAGG 
AACACTACTCGGCTAGCAGT 
GTTGATCCAAGAAAGGACCC 
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Fig. 1 



N f°* Kpnr BstJCl Mstf Bamffl^cof 

65 563 767 905 1340 K12 

C-Jl 

" ~ " ~0BS6) 

C2503 (626) 2092 

C2SI0- ■ 1 

I 626 

C-J4 

* ? V (626) 

Jen ™ W 

SS~:^~— ~— < na > 

»nr 

w 1883 



30 



35 



40 



46 



60 



55 



Claims 

I. A nucleotide sequence of non A non-B hepatitis virus oomprisjng [bases 1-1863], 

Z The nucleotide sequence of nonA non-B hepatitis virus according to claim 1, comprising (bases 1-1872]. 

3. The nucleotide sequence of nonA non-B hepatitis virus according to claim 1, comprising [bases 1-324]. 

4. The nudeotide sequence of norvA non-B hepatitis virus acoording to C!a!m3, wherein the 167th nucleotide 
A is replaced by C, the 217th nucleotide C is replaced by T, and the 226th nucleotide A is replaced by G. 

6. The nucleotide sequenoe of non-A, non-B hepatitis virus acoording to daim 1, comprising [bases 325- 
1863]. 

6. The nucleotide sequence of nonA non-B hepatitis virus according to daim 1 . comprising [bases 325-864]. 

7. The nudeotide sequence of nonA non-B hepatitus vims according to daim 1, comprising [bases 865- 
1476]. 

8. An ollgonudeotide primer derived from the nudeotide sequence of nonA non-B hepatitis virus according 
to daim 1. 

9. The digonudeotide primer according to claim 8, wherein said primer contains from 15 to 25 nucleotides. 

10. The digonudeotide primer according to daim 9, wherein said primer contains 20 nucleotides, 

II. The digonudeotide primer according to claim 8, wherein said primer comprises primer #23 in table 1. 
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12. The oligonucleotide primer according to claim 8, wherein said primer comprises primer #25 In table 1. 

13. The oligonucleotide primer according to claim 8, wherein said primer comprises primer #32 In table 1 . 

14. The oligonucleotide primer according to dafm 8, wherein said prtaer oomprlses primer #33 In table 1. 

15. The oligonucleotide primer according to claim 8, wherein said primer comprises primer #36 In table 1. 

16. The oligonucleotide primer according to datm 8, wherein said primer comprises primer #48 in table 1 . 

17. An oligonucleotide primer derived from the nucleotide sequence of non-A, norv-B hepatitis virus according 
to dalm 3. 

18. An oligonucleotide primer derived from the nucleotide sequence of non-A, non-B hepatitis virus aooordlng 
to dalm 7. 

19. A method of detecting non-A, non-B hepatitis virus comprising synthesizing of cDNA from viral RNA and 
amplifying said cDNA by PCR using at least one oligonucleotide primer according to dalm 8. 

20. The method according to dalm 19, wherein said oligonucleotide primer is selected from the group con- 
sisting of: primer #23 in table 1, Primer #25 In table 1, primer #32 In table 1, primer #33 in table 1, primer 
#36 in table 1, and primer #48 In table 1. 

21. The method according to claim 20, wherein said dlgonudeotide primers consists of primer #32 in table 1 
and primer #38 In table 1. 

22. The method according to dalm 20, wherein said dlgonudeotide primers consists of primer #33 in table 1 
and primer #48 in table 1. 

23. The method according to dalm 20, wherein said dlgonudeotide primers consists of primer #23 in table 1 
and primer #25 In table 1. 

24* An dlgonudeotide primer derived from the nucleotide sequence of non-A, non-B hepatitis virus according 
to datm 6. 

25. A test Wtfor diagnosing non-A, non-B hepatitis or for detecting non-A, non-B hepatitis vims, said kit com- 
prising: 

1) at least one primer according to dalm 8; 

2) dATP, dTTP, dGTP, and dCTP; and 

3) heat stable DNA polymerase. 

26. A nudeotfde sequence of non-A, non-B hepatitis virus comprising at least a portion of the bases 1-1 863, 
said sequence being constftuted of a plurality of nudeotides and containing at least one primer as shown 
In table! 

27. A nudeotide sequence of non-A, non-B hepatitis vbus comprising at least a portion of the bases 1-1883, 
said sequence being constituted of a plurality of nudeotides and terminated at least at one end with a 
primer as shown in table 1. 

28. A method of detecting non-A, non-B hepatitis vims comprising: 

(a) synthesizing cDNA from viral RNA; 

(2) amplifying said cDNA by PCR In a first stage to produce a product; 

(3) amplifying said product by PCR In a second stage; said amplifying being canted out by using at least 
one ribonucleotide primer according to claim 8. 

29. The method according to dalm 28, wherein said primer in step (1) is a pair of primers and said primer In 
step (2) is a pair of primers, wherein said pair of primers in etep (2) are from a region within the pair of 
primers In step (1). 
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30. The method according to claim 29, wherein said pair of primers in step (1) are primers #32 and #48 In 
table 1 and said pair of primers in step (2) are primers #33 and #48 in table 1. 

31. The method according to dafm 28, wherein said pairs of primers are selected from pairs of primers 
#32/#36, #33/#48. and #23/#25 in table 1. 
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